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  ABSTRACT:   This paper presents different types of paints based on organic binders in aqueous 
dispersion  obtained  by  nanotechnology  and  results  of  experimental  research  on  their  influence  on  certain 
influence on their durability to certain characteristics.  The study on these products highlights the improving 
sustainability through the use of products based on acrylic resin coatings obtained by nanotechnologies. 
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1. INTRODUCTION 
 
The concern that most of products used in constructions are subject to degradation 
caused a great challenge for the scientists  in order to find the ways to prevent the degradation 
of built surfaces and this is justified by the need to prevent such a process. 
  The construction exterior finishings are much diversified due to the development of 
new materials, technologies and solutions and on the other hand by the necessity to comply 
with  the  imposed  requirements  of  each  objective  regarding  aesthetics,  economic  and 
environmental efficiency criteria. The coating of different construction supports surfaces with 
self-cleaning paints and lacquers follows two main directions: 
a.  To protect the surfaces against environment destructive agents (dust, UV radiation, 
temperature variations, water, acid rain) and to improve of surface properties, i.e. a 
higher hardness (resistance to impact, scratching), UV resistance aiming to reduce the 
yellowing effect, or resistance to washing; 
b.  To assure a pleasant decorative look that can be obtained by colour, texture, and their 
combination. 
  The paint composition is based on three components: pigment, binder and additives. 
The  pigments  provide  colour,  but  they  have  other  features  too,  the  binder  ensures  the 
adherence of pigments and the other components particles to the substrate and determines the 
physical  and  chemical  properties  of  coatings;  the  additives  are  chemical  substances  that 
modify the paint properties when is in a fluid  state. The volatile component controls the 
viscosity,  manufacturing  and  product  application  easiness.  To  obtain  paint  for  a  specific 
purpose is more an art then a technology. It is not possible to accuracy predict a specific 
combination for a specific purpose and a given property. 
  The use of nonmaterials in the composition of coating brings new opportunities for the 
paint  industry.  The  use  of  nanomaterials  as  additives  improves  conventional  coating 
properties and can produce new multi-functionality due to particle size composition.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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  2. THE EXPERIMENTAL PART 
 
  2.1. Raw materials and materials 
  The  film-forming  product  used  for  determining  the  durability  characteristics  are 
shown in Table 1. Products were selected with different variations in the type of binder. The 
products studied are presented in Table 1.             
                      Table no.1 
Product  Basic composition  Application mode on concrete substrate 
Paint 1  acrylic  resins  in  aqueous  dispersion  containing 
27% titanium dioxide 
Product is applied in two layers over the primer  
Paint 2  acrylic  resins  in  water  dispersion,  nano  active 
compounds by photo catalytic action 
Product is applied in two layers over the primer 
Paint 3  styrene-acrylic resins, pigments, fillers, adjutants, 
emulsify 
Product is applied in two layers over the primer 
Paint 4  silicon  resins,  pigments,  fillers,  adjutants,  in 
aqueous dispersion  
Product is applied in two layers over the primer 
Primer   acrylic-styrene resins, pigments, fillers, adjutants, 
in aqueous dispersion 
The product is used for the preparation of 
mineral supports located on the outside in order 
to apply subsequent layers of paint. 
    The application of film forming / coating products was made by brush. The 
first coat (primer) was applied by brush for a better adherence on the support. 
The used products characteristics were determined and are presented in Table 2. 
   
Table no 2 Technical characteristics of the products, experimentally determined 
Technical characteristics / 
Test method 
Composition/Value 
Variant 1  Variant 2  Variant 3  Variant 4 
Density, 23
0C, g/ml 
SR EN ISO 2811-1:2011 
1,468 
 
1,495 
 
1,678 
 
1,529 
 
Non-volatile-matter 
content,1hour, 105
0C, % 
SR EN ISO 3251:2008 
62,43 
 
 
61,87  63,67 
 
62,21 
Flow time by use of flow cups, 
ɸ 8 mm, second  
SR EN ISO 2431:1997 
not flowing  
 
not flowing  
 
not flowing  
 
not flowing  
 
Hiding power expressed at a 
fixed spreading rate, m
2/l 
SR EN ISO 6504-3:2007 
8,16 
 
8,12 
 
9,65 
 
9,34 
 
Wet film thickness, μm/2layers 
SR EN ISO 2808:2007 
152,15 
 
154,32 
 
140,18 
 
160,90 
 
Specular gloss of non-metallic 
paint films at  60
0 and 85
0 
SR EN ISO 2813:2003 
gloss at 60
0=2,1 
gloss at 85
0=3,5 
matt 
gloss at 60
0=2,3 
gloss at 85
0=4,3 
matt 
gloss at 60
0=2,2 
gloss at 85
0=4,2 
matt 
gloss at 60
0=2,0 
gloss at 85
0=3,9 
matt 
Pull-off  test  for  adhesion  on 
concrete support, N/mm
2 
SR EN ISO 4624:2003 
0,90 
broken in paint 
0,99 
broken in paint  
0,74 
broken in paint  
0,65 
broken in paint 
Rapid-deformation (impact 
resistance) Falling-weight test, 
large-area indenter 2 kg, cm  
SR EN ISO 6272-1:2004 
100 
mark with the 
unmodified 
surface 
100 
fine cracks  
100 
mark with the 
unmodified 
surface 
100 
mark with the 
unmodified 
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  In order to determine the durability of the products presented in this paper, there were 
studied their behaviour in natural aging conditions for urban-industrial environment, as well 
as  in  artificial  aging  conditions,  exposure  to  fluorescent  UV  radiation,  water  and  Xenon 
radiations. 
 
 
    2.2. The work procedure 
  2.2.1. Film-forming products behaviour under exposure to the UV radiation and 
condensation 
  The  exposed  products  properties  were  compared  with  similar  unexposed  products, 
prepared in the same way (standard samples), according to EN ISO 11507:2007.  Three test 
pieces were prepared, two for direct exposure and a standard specimen stored in a dark place.  
Method A was used: exposure to radiation and condensation, for a cycle of 4 hours exposure 
to UV radiation, using Type I lamps, QVB-313 EL and temperature of 60 ± 30
0C, followed by 
4 hours condensation. 
  Test result was recorded by changes in appearance or other signs of cover damage, 
discoloration,  blistering,  cracking,  etc.,  as  results  from  exposure  to  artificial  radiation, 
according to EN ISO 4628-1-8:2004. 
  Used equipment: equipment for the determination of the artificial aging by exposure to 
UV radiation, Type QUV, lamp type UVB-313 EL, adjustable temperature indicator, 100
0C, 
precision - Class 1,  thermoset, precision - Class B.  
  The summarized experimental results are presented in Table 3. 
 
Table no. 3 Results regarding the coatings product performances subject to accelerated aging to the UV radiation 
and condensation 
The number hour of 
exposure 
Film forming products durability after exposure to the UV radiation and 
condensation 
Variant 1  Variant 2  Variant 3  Variant 4 
800 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
1000 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
1200 
 
There are no 
changes on the film 
surface 
There are no 
changes on the film 
surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no 
changes on the 
film surface 
 
  2.2.2.  The  behaviour  the  film-forming  products  under  filtered  xenon  arc 
radiation exposure 
   The artificial aging of coating products through their exposure to filtered xenon arc 
radiation, according to SR EN ISO 11341:2005, is performed in order to obtain the degree of 
variation of the chosen property after a certain period of exposure to radiation, H and / or   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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exposure to the necessary radiation in order to produce a certain degree of aging. The exposed 
products properties are compared with the unexposed ones, that were prepared in the same 
conditions (standard samples). 
  Three test pieces were prepared, two for direct exposure and one standard specimen. 
The  test  specimens  were  repeatedly  subject  to  water  spray,  specific  for  A  cycle  with 
continuous functioning, as follows: wetting time - 18 min., dry period - 102 min., temperature 
in the climate chamber - 38 ± 3 
0C, relative humidity during the dry period – 40 to 60%. 
 
Table no 4 Results regarding coating product performance tested for accelerated aging by a filtered xenon arc 
radiation 
The number 
hour of 
exposure 
Durability of film forming products after exposure to a filtered xenon arc radiation 
Variant 1  Variant 2  Variant 3  Variant 4 
800 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
1000 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
1200 
 
There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, no 
blistering, no cracking, no 
flaking 
There are no 
changes on the film 
surface 
 
 
  2.2.3. Film-forming products behaviour after exposure to natural aging in urban-
industrial environment specific conditions 
  The  behaviour  of  protection  coatings  products  applied  on  a  support  is  different 
depending on the climatic conditions and on the destructive action of additional factors. 
  The film-forming products applied on a concrete support were exposed to the action of 
climatic  factors  specific  for  urban-industrial  environment,  according  to  SR  EN  ISO 
2810:2005,  in exposure stations especially designed, which consist of a number of exposure 
stands  were the specimens are fixed facing south under an angle of 45
0. The examination of 
the exposed specimens was done visually and recordings were made regarding the changes in 
the  appearance  or  other  signs  of  damages  on  the  coating  level:  discoloration,  blistering, 
cracking, etc., according to EN ISO 4628-1-8:2004. 
 
  The behaviour of the film forming products after different time intervals is presented 
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Table  no  5  Results  regarding  coating  products  performance  subject  to  natural  aging  in  urban-industrial 
environment specific climate conditions 
The number 
month of 
exposure 
Film forming products durability after exposure to natural aging in urban-industrial 
environment  specific climate conditions 
Variant 1  Variant 2  Variant 3  Variant 4 
2 months  There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no changes 
on the film surface 
6 months  There are no changes 
on the film surface 
There are no changes 
on the film surface 
there was a slight 
discoloration, yellowing, 
no blistering, no 
cracking, no flaking 
There are no changes 
on the film surface 
12 months  dirt on the surface 
no other changes in 
the surface film 
clean surface, there 
are no changes to the 
film surface 
dirt on the surface and a 
slight discoloration, 
yellowing, no blistering, 
no cracking, no flaking 
dirt on the surface 
no other changes in 
the surface film 
 
 
  2.2.4. Self-cleaning effect determination after exposure to natural aging in urban-
industrial environment specific climate conditions   
  The evaluation of the self-cleaning effect was performed using a method for determining 
the photo catalytic activity by exposing the film-forming products to UV radiation, on which 
a blue methylene solution was applied, according to the German Standard DIN 52980:2008. 
  The principle of the method is the following: the products are applied on a concrete 
support; they are left to dry for 24 hours after the application of the last layer of the coating 
system;  a  solution  of  1%  blue  methylene  is  prepared  and  it  is  sprayed  on  to  the  coated 
surfaces  of  the  products  to  be  tested;  they  are  exposed  to  sunlight  UV  radiation,  in 
environment conditions; after the exposure period, the surfaces are examined and the films 
aspect is observed. Based on the degree of self-cleaning effect of paint films, the self cleaning 
power is determined, as presented in Table 6:                   
Table no.6 Self-cleaning effect grading 
Self-cleaning degree of methylene blue  Self-cleaning effect 
Total self-cleaning  High 
Average self-cleaning  Medium 
Null self-cleaning  Null 
 
Table no 7 Results regarding self-cleaning effect after exposure to natural aging in urban-industrial environment 
specific climate conditions 
The 
number 
day of 
exposure 
Self-cleaning effect after exposure to natural aging in urban-industrial environment specific 
climate conditions 
Variant 1  Variant 2  Variant 3  Variant 4 
90 days  without colour 
changes Null  self-
cleaning effect 
Total self-cleaning 
High self-cleaning 
effect 
without colour changes 
Null self-cleaning 
effect 
Average self-cleaning 
Medium self-cleaning 
effect 
120 days  without colour 
changes Null self-
cleaning effect 
-  without colour changes 
Null self-cleaning 
effect 
Average self-cleaning  
Medium self-cleaning 
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150 days  without colour 
changes Null self-
cleaning effect 
-  Average self-cleaning  
Medium self-cleaning 
effect 
Average self-cleaning  
Medium self-cleaning 
effect 
180 days  Average self-cleaning  
Medium self-cleaning 
effect 
-  Average self-cleaning  
Medium self-cleaning 
effect 
Total self-cleaning – 
High self-cleaning 
effect 
   
    
  2.3. Results and discussions 
  The experimental results on the durability of the product highlight the following: 
- after exposure to UV radiation and condensation or exposure to filtered xenon arc radiation, 
the film appearance evaluation was done and it was found that: 
  after  1200  hours  of  exposure  for  the  V1  exterior  use  acrylic  paint,  in  aqueous 
dispersion, for V2 exterior use  acrylic paint, in aqueous dispersion, based on photo catalytic 
active nano-acting compounds  and V4 exterior silicone paint, no perceptible changes of the 
surface film were found; 
  after  800  hours  of  exposure  for  V3  exterior  acrylic  styrene  paint,  in  aqueous 
dispersion,  there  is  a  slight  modification  in  colour  (yellowing),  no  blistering,  cracking, 
flaking. 
- after 12 months exposure to natural aging in urban-industrial environment specific climate 
conditions, by examining film appearance was found that  
  for V2 exterior acrylic paint in water dispersion, based on nano photo catalytic action 
active  compounds,  that  the    surface  is  clean,  for  V1  exterior  acrylic  paint  in  aqueous 
dispersion, and for V4 silicone exterior paint, that the surface is dirty with no other changes of 
the film;  
  after 2 months of exposure the V3 exterior acrylic styrene paint in aqueous dispersion, 
that the surface is dirty with  a slight change in colour (yellowing), no blistering, no cracking, 
no flaking; changes of the film;  
- after 180 days exposure to natural aging in urban-industrial environment specific climate 
conditions, the film appearance was assessed and was found that:  
  after 90 days of exposure the V2 exterior acrylic paint in aqueous dispersion, based on 
nano photo catalytic action active compounds, the result was total self-cleaning – high self-
cleaning effect; 
  after 180 days of exposure the V4 exterior silicon paint, the result is total self-cleaning 
– high self-cleaning effect, while the V1exterior acrylic paint in aqueous dispersion, and the 
V3 exterior acrylic styrene paint, in aqueous dispersion, the result is average self-cleaning – 
medium self-cleaning effect. 
 
  3. CONCLUSIONS 
   
The experimental results highlight that the exterior acrylic paints based on the photo 
catalytic action of the active compounds nano, clearly present the high self-cleaning effect, 
leading  to  an  increase  in  surface  durability  which  has  been  applied  compared  to  other 
products. A single paint shown a high self-cleaning effect after a double number of exposure   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
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hours compared to the paint with photo catalytic activity, while the other paints had average 
self-cleaning effect. 
  After exposure to natural aging in urban-industrial environment the styrene acrylic 
paints present  a  slight  modification  in  colour (yellowing),  compared  to the other exterior 
paints due to the styrene presence in its composition. 
 
 
   REFERENCES 
 
[1].  SR  EN  ISO  4628-1-8:2004  “Paints  and  varnishes.Evaluation  of  degradation  of  paint 
coatings”; 
[2].  SR  EN  ISO  11507:2007  „Paints  and  varnishes.  Exposure  of  coatings  to  artificial 
weathering - Exposure to fluorescent UV lamps and water”; 
[3]  SR EN ISO 11341:2005 „Paints and varnishes. Artificial weathering and exposure to 
artificial radiation - Exposure to filtered xenon-arc radiation”; 
[4]  DIN  52980:2008    „Photocatalytic  Activity  Of  Surfaces  -  Determination  Of 
Photocatalytic Activity By Degradation Of Methylene Blue”; 
[5] SR EN ISO 2810:2005 „Vopsele şi lacuri. Îmbătrânire naturală a acoperirilor. Expunere şi 
evaluare”. 